This analysis is to study the incompressible mixed convection laminar Newtonian flow through concentric cylindrical annulus associated with slip and convective boundary conditions. This presentation considered the cross diffusions and chemical reaction effects also. The fluid flow in an annulus is due to the rotation of the outer cylinder with constant velocity. The analysis of such kind of fluid flow is governed by nonlinear partial differential equations. The governing system of equations were mapped into dimensionless system with appropriate transformations. The system has been solved using Homotopy Analysis Method (HAM). The influence of Soret, Dufour, slip parameter and the chemical reaction parameter on velocity, temperature and concentration are investigated, and presented through plots. The maximum values of slip leads to increase in velocity and temperature profiles. Further the impact of boundary conditions on velocity, temperature and concentration are also presented.
Introduction
Mixed convection flow with heat and mass transfer in an circular annulus has an incredible significance in various fields. Mixed convection has attracted a great deal of attention from researchers because of its presence both in nature and engineering applications. This type of fluid flow is observed in rotating electrical machines, swirl nozzles, rotating disks, standard commercial rheometers, and other chemical and mechanical mixing equipments. In practical situations, many factors affect the flow and heat transfer through annular space. Considerable research studies were carried out to investigate the Newtonian and non-Newtonian fluid flow through concentric cylinders. The significance and developments of heat and mass transfer have been addressed by many researchers [1] [2] [3] . In view of applications, Moderres et al. [4] presented the numerical study on double-diffusive convection within a tri-dimensional in a horizontal annulus partially filled with a fluid-saturated porous medium. Nagaraju et al. [5] presented the entropy generation analysis of the MHD flow of couple stress fluid between two concentric rotating cylinders with porous lining. Recently, Abedini et al. [6] performed numerical study on mixed convection flow within the horizontal annulus in the presence of water-based fluid with nanoparticles of aluminum oxide, copper, silver and titanium oxide.
Generally, Soret and Dufour effects are assumed negligible in problems related to double diffusive convection. However, such effects could be of significant effect when density differences present in the flow regime. In general, these effects are of a smaller order of magnitude and mostly neglected in heat and mass transfer problems. Especially the thermal-diffusion effect has been utilized for isotope separation and in mixtures between gasses with very light molecular weight (H 2 , He) and of medium molecular weight (N 2 , air) [7] . Another situation which can arise in practice along with cross diffusions is a chemical reaction produced in the medium. This phenomenon plays an important role in petroleum industry, cooling of nuclear reactors, and packed-bed catalytic reactors [8] . In view of the significance Hayat et al. [9] presented the Soret and Dufour effects in threedimensional flow over an exponentially stretching surface with porous medium, chemical reaction and heat source/sink. Bilal Ashraf et al. [10] investigated for the effects of Soret and Dufour on the mixed convection flow of an Oldroyd-B fluid with convective boundary conditions. Nagaraju et al. [11] considered the effects of Soret and Dufour, chemical reaction, Hall and ion currents on magnetized micropolar flow through co-rotating cylinders. The analysis of heat and mass transfer in natural convection flow of nanofluid over a vertical cone with chemical reaction is carried out by Reddy and Chamkha [12] . Most recently, Jain and Choudhary [13] investigated the Soret and Dufour effects on thermophoretic MHD flow and heat transfer over a non-linear stretching sheet with chemical reaction.
In this presentation, the mixed convection flow in an annulus with Navier slip condition [14-17] and convective boundary condition [18, 19] were examined in occurrence of Soret and Dufour along with the reaction rate [20] [21] [22] [23] . The survey clearly exhibits that cross diffusions and chemical reaction on the slip flow along with convective boundary conditions between concentric cylinders have not been studied elsewhere. In view of significance and applications, the authors are provoked to take this study. Homotopy analysis method (HAM) [24] [25] [26] [27] [28] [29] is applied to get solution of system. Series solution of the presented with convergence analysis. The influence of flow parameters on the velocity, temperature and concentration are examined 2 Formation of the problem Let a steady, incompressible and laminar Newtonian fluid through concentric cylinders has been considered. Radius of inner cylinder is a and the outer cylinder's radius is b (a < b). Choose a cylindrical polar coordinate system (r, ϕ, z) with z -axis as the common axis of the cylinders (as shown in Fig. 1 ) and r normal to the zaxis. The angular velocity of the outer cylinder is Ω whereas the inner cylinder is at rest. The flow is generated due to rotation of the outer cylinder. Rotation of the external cylinder leads to the flow. The parameters depends on r due to infinitely extended cylinders and the flow is fully developed. The temperature of the fluid is assumed to be T a . The flow is a mixed convection taking place under thermal buoyancy and uniform pressure gradient in azimuthal direction. The internal and external cylinders are presumed with Navier slip and convective boundary conditions. In addition to the above is considered that the fluid properties are constant except density in the buoyancy term of the balance of momentum equation.
With the above assumptions and Boussinesq approximations with energy and concentration, the equations governing the steady flow of an incompressible fluid [30, 31] are as follows: 
where ρ is the density, p is the pressure, µ is the viscosity coefficient, α is slip length of the internal and external cylinders. h 11 , h 12 are the convective heat transfer coefficients of the internal and external cylinders, T b is the ambient temperature. The velocity components in r, ϕ and z are u, v and w respectively, g is the acceleration due to gravity, K f is the coefficient of thermal conductivity, C p is the specific heat, β T is the coefficient of thermal expansion, β C is the coefficient of solutal expansion, µ is the coefficient of viscosity, D is the solutal diffusivity, T m is the mean fluid temperature and K T is the thermal diffusion ratio. C a and C b are the concentrations at the inner and outer cylinders respectively.
Introducing the following similarity transformations [31] 
in equations (1) -(5), we obtain the governing dimensionless equations as
with
where the primes represents differentiation with respect to λ , Re = Ωb ν is the Reynolds number, Gr T =
is the Schmidth number, Pr = µC p K f is the Prandtl number, Br=
is the Brinkman number, Sr = 
is the constant pressure gradient.
Homotopy solution
The initial approximations of the velocity f (η), temperature θ (η) and concentration φ (η) [31] are chosen for HAM solutions as: with the auxiliary linear operator is
in which c 1 and c 2 are the arbitrary constants. h 1 , h 2 and h 3 (the convergence control parameters) are introduced in zeroth-order deformations. The zeroth-order deformations; non-linear operators N 1 , N 2 and N 3 ; average residual errors of f , θ and φ are considered as explained in the work of [30] . Table 1 . Analytic solution for the equation (9) with the boundary conditions (obtained in absence of Brinkman number (Br), Dufour parameter (D f )) is compared with HAM solution, which are shown in Fig. 8 . The comparisons are found to be in a very good agreement. Therefore, the HAM code can be used with great confidence to study the problem considered in this paper.
The profiles of velocity ( f (λ )), temperature (θ (λ )) and concentration (φ (λ )) are computed and presented through plots in Figs. 9 to 21 with different values of Bi, α, Sr, D f , K. Computations were carried out by fixing the parameters Re = 2, Pr = 0.71, Sc = 0.22, Br = 0.5, Gr T = 5, Gr C = 5, b = 1, A = 1 [31] to analyze the effects of the emerging parameters Bi, α, Sr, D f and K. Figures 9-11 shows the impact of Soret number (Sr) on f , θ and φ when α = 0.5, Bi=0.5, D f =0.5, K=2. It is seen from Fig. 9 that as Sr increases, the flow velocity decreases by 10%. Soret parameter is the ratio of temperature difference to the concentration. Hence, the higher value of Soret parameter stands for a larger temperature difference and precipitous gradient.Thus the fluid velocity diminishes in circular annulus region due to greater thermal diffusion factor. It is identified from Fig. 10 that the dimensionless temperature diminishes by 23% as Sr increases. It can depict from Figs. 11 that the dimensionless concentration enhances by 5% with the increase of Soret parameter.
The noticed from Fig. 12 that the velocity decreases by 7% as D f magnifies. It is noted from Figs. 13-14 that the temperature of the fluid decreases by 56% and the concentration of the fluid increases by 4% as an increase in D f . This is due to the fact that the Dufour parameter denotes the contribution of the concentration gradients to the thermal energy flux in the flow. Hence the fluid velocity and temperatures are decreases. Figure 15 presents the influence of chemical reaction parameter on the velocity f (η) at α = 0.5, Bi=0.5, Sr=0.5, D f =0.5. It is noted from Fig. 15 that the velocity increases by 5% with an increase in K. The impact of chemical reaction parameter on dimensionless temperature can be found in figure. 16 . It is seen that the temperature of the fluid increases by 29% with an increase in K. Figure 17 depicts the effect of chemical reaction parameter on concentration profile. These results clearly disclose that the flow field is decreased by 3% with the chemical reaction parameter. Higher values of K amount to a fall in the chemical molecular diffusivity, i.e., less diffusion. Therefore, They are obtained by species transfer. An increase in K will suppress species concentration. The concentration distribution decreases at all points of the flow field with the increase in the reaction parameter. This shows that heavier diffusing species have greater retarding effect on the concentration distribution of the flow field. The effect of slip parameter α on f and θ can be noted in Figs. 18-19 by fixing the other parameters at K = 0.5, Bi=0.5, Sr=0.5, D f =0.5. It is observed that the slip parameter α has significant influence on all the parameters. It is noticed from Fig. 18 that the flow velocity velocity increased by 43% with an increase in α. It is found from Fig. 19 that the temperature of the fluid increases by 02% as α increases.
The effect of Biot number Bi on f and θ can be noted in Figs. 20-21 by fixing the other parameters at K = 0.5, α=0.5, Sr=0.5, D f = 0.5. Physically, Biot number is expressed as the convection at the surface of the body to the conduction within the surface of the body. Here we have assumed the convective heat transfer coefficients (h 11 , h 12 ) are same at the inner and outer cylinders i.e. Bi 1 = Bi 2 = Bi. It depicts from Fig. 20 that the velocity of the fluid increased by 10% as an increase in Biot number. It is due to the fact that Biot number enhances the heat transfer rate in the cylinder walls. It is observed from Fig. 21 that as an increase in Biot number leads to 50% increase in the temperature of the fluid. 
Conclusion
The present study investigates the steady natural convection flow of Newtonian fluid in an annulus in presence of cross diffusions and chemical reaction effects with Navier slip under convective boundary. Homotopy Analysis Method is used to solve the final dimensionless governing equations. The significant findings are summarized as:
• Fluid flow velocities and temperature profiles decreases where as the concentration profile amplifies with an increase in Sr.
• It is noticed that the presence of Dufour parameter leads to decrease in the velocities and temperature of the fluid but increases the concentration of the fluid.
• The velocity and temperature profiles are increases while concentration of the fluid decreases with the increase in the chemical reaction parameter. • The flow velocity and temperature profiles are increases with the increase of slip parameter.
• The presence of Biot number leads increase in velocity and temperature of the fluid.
